With the growing economic significance of some Streptomyces species, the necessity of establishing their precise characteristies in well-defined specific terms becomes of great theoretical and practical importance (Waksman, 1957) .
The purpose of this paper is to present a comparative study of the main morphological, physiological, and biochemical characteristics of cultures belonging to the Streptomyces lavendulae and Streptomnyces venezuelae groups and to establish probable relationships and comparisons with closely related species.
Five isolates of S. lavendulae (Waksman and Curtis) Waksman and Henrici, 1943 ; three each of Streptomyces cinnamonensis Okami et al. 1953 and S. venezuelae Ehrlich et al., 1948 ; two each of Streptomyces virginiae Grundy et al., 1952 , and Streptomyces fradiae (Waksman and Curtis) Waksman and Henrici 1943 , and two recently isolated strains with suspected affinities to the S. lavendulae-S. venezuelae groups, were comparatively grown on various synthetic and organic media and their morphological and physiological characters observed, with special reference to a critical judgment of their taxonomic identity.
MATERIALS AND METHODS
Cultures. The K-7 and 7K-I strains were isolated from Brazilian soils. The former was considered as belonging to the S. venezuelae group (Slinchez-Marroqufn, 1957) and the latter was identified as S. lavendulae (Gonqalves de Lima et al., 1956) , being the source of a new antibiotic described as eurimycin. S. cinnamonensis strain IAUR A-20 has been recently described . Some other data on these cultures and the rest of the strains studied appear in table 1. Morphology and physiology. Slide and plate cultures were prepared aseptically for micromorphological studies and photograplhie records, a number of sporulation media being employed for this purpose. The best results were obtained in tomato paste oatmeal-agar, Hickey and Tresner's agar, Carvajal's oatmeal-agar (the three media prepared as recommended by Pridham et al., 1956 ) and our wheat flour-agar medium (Sanchez-Marroquin, 1957) . Good spiral formation of the S. cinnamonensis strains was obtained in the following medium: soluble starch, 10 g; Na2HPO4, 1.15 g; KH2PO4, 0.25 g; KCl, 0.20 g; MgSO4, 0.20 g; agar, 15 g; tap water, 1000 ml; pH 6.8 to 7.0.
MIacromorphology was studied in several synthetic and organic media and the main physiological and biochemical characteristics were established following the usual procedures (Waksman, 1950; Hesseltine et al., 1954; Burkholder et al., 1954) . For carbon and nitrogen assimilation tests, hereinafter referred to as C and N respectively, the medium and method of Pridham and Gottlieb (1948) was employed. In addition, inocula were prepared by scraping spores from wheat meal agar, centrifuging the spores under aseptic conditions and resuspending in sterile saline. The C and N compounds were added by Seitz filtration, except the insoluble materials which were steam sterilized. The basal medium used was a synthetic C-or N-free agar (Grundy et al., 1951) .
The C compounds were added at the level of 1 per cent and the N sources at an appropriate rate so as to provide 0.01 M equivalent nitrogen. The inoculated tubes were incubated at 28 C for 10 days. All the media were adjusted to pH 6.8 to 7.0 before sterilization.
Antibiotics. Susceptibility to antibiotics was studied by the usual filter paper disk method, while antibiotic activity was investigated by the agar-streak technique. cycline, chloramphenicol, streptomycin, dihydrostreptomycin, and bacitracin, and resistant to polymyxin (up to 60 ,g per ml).
The consistent responses of the isolates to these groups of tests support the view that they are closely related, the main differences being only in micromorphology. From data shown in table 6, it seems that the organisms should be grouped in two series: (a) with spiral formation and (b) without spiral formation.
Out of four types of cultures belonging to the first series: S. lavendulae (5 strains), S. virginiae (2 strains), S. cinnamonensis (3 strains), and S. fradiae (2 strains), the first three species appear more closely related. Spiral formation which, according to Okami et al. (Waksman and Lechevalier, 1953) , is lacking in S. cinnamonensis, can be observed in a starch-salts medium (figure 1).
Except for minor differences regarding sporulation or lack of sporulation on some of the media, strains of these three species all behaved very similarly: aerial mycelium pink to lavender; brown to black soluble pigment; conidiophores with spirals in long branches; very reduced C assimilation pattern. Therefore, they should be To the same group of spiral-producing strains belongs the species S. fradiae. However, it presents characteristics which are unlike those of the other members of this group, such as lack of typical "chromogenesis," development of pigments of distinct types in some of the media tested and, above all, production of conidia in short branches. These characteristics warrant its separation as a well-defined, different species.
To the second group, i.e., cultures not exhibiting spiral formation and presenting different C assimilation patterns, belong the species S. venezuelae and strains K-7 and 7K-1 (figure 2). The only differences noted between S. venezuelae and the latter strains were found in the assimilation On the basis of the present stu(ly, it is suggested that Streptomyces species of the S. lavendulae and S. venezulae groups could be more properly arranged as follows (a) with spirals on short branches: S. fradiae; (b) with spirals at tip of long straight branches: S. lavendulae; and (c) without spirals and straight branches: S. venezuelae.
The S. lavendulae group is a widely distributed assembly of organisms varying in their C assimilation sources but well characterized by their very narrow limits of utilization of these compounds; they can be easily differentiated from other species by this property. Only the two pentoses (arabinose and xylose) and perhaps fructose, can allow any differentiation among the species of this group, as well as the S. venezuelae strains, if a selected number of carbohydrates and polyalcohols is used in the tests.
It is really in the micromorphological details that the tools for a logical or rational species differentiation and characterization may be found.
Taking into consideration that strain variation can be more fully appraised when a large number of strains are tested, the results shown in this paper should not be taken as conclusive. However, even in this insufficient number of isolates, the distinctive microscopic characteristics seem SANCHEZ-MARROQUIN Figure 2 . A and B, straight conidiophores in strains K-7 and 7K-1 (Streptomyces venezuelae variants) in a meat-extract-agar medium.
clearly to justify the strict taxonomic separation of the species. These facts suggest the reduction of species names in the spiral-forming series of the S. lavendulae group, and the setting apart of the remaining representatives as shown in the proposed key. Krassilnikov's (1949) cinnamonensis Okami et al. 1953 are reduced to specific synonymy with S. lavendulae (Waksman and Curtis) Waksman and Henrici 1943. In the second series (without spirals) one species is established: S. venezuelae, with strains K-7 and 7K-1 as representatives.
